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DETAILED ACTION 

Examiner's Amendment 

An examiner's amendment to the record appears below. Should 
the changes and/or additions be unacceptable to applicant, an 
amendment may be filed as provided by 37 CFR 1.312. To ensure 
consideration of such an amendment, it MUST be submitted no 
later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a 
telephone interview with Mr. Henry J. Daley (Reg. No. 42459) on 
3/19/2004. 

Claims 21 and 22 have been amended to correct typographical 
errors . 

Claim 33 has been amended in order to distinguish over the 
prior art. 

Claims 37-39 have been amended in order to provide proper 
claim dependency. 

The claims have been amended as follows: 

Claims 34 and 36 have been cancelled. 

21. (Currently Amended) An image observation optical 
system comprising: 
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an image display element; and 

an eyepiece optical system which introduces an image 
displayed by said image display element to a center of an eye of 
an observer without forming an intermediate image, so as to 
allow the observer to observe said image as a virtual image, 

wherein said eyepiece optical system is constructed and 
arranged to bend an optical axis using reflecting surfaces so as 
to be compact, said optical axis lying in a plane, 

wherein said eyepiece optical system is symmetrically 
formed with respect to said plane and includes an optical 
element having an entrance surface, a plurality of curved 
reflecting surfaces and an exit surface, at least one of said 
reflecting surfaces being provided with a volume hologram (HOE) , 

[wherein said eyepiece optical system comprises a prism 
with a positive refracting power, and, upon an image position F0 
at a midpoint, an image position Fb at one end point showing a 
larger chromatic aberration of magnification, and an image 
position Fa at another end point showing a smaller chromatic 
aberration of magnification being defined on a segment that is 
an intersection formed by said plane of symmetry of said 
eyepiece optical system and an image display surface, said image 
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observation optical system satisfies the following conditions 
simultaneously: 

-1 < 0y(HOE, Fa) /^y(Total) <2 

-1 < (f>y ( HOE , Fb) /^y(Total) <1 

where 0y(HOE, Fa) is a y-direction power of said HOE at the 
image position Fa, ^y (HOE, Fb) is a y-direction power of said HOE 
at the image position Fb, and ^y(Total) is a y-direction power of 
an entire system, ] 

wherein said eyepiece optical system is configured as a 
prism optical system having at least two reflecting surfaces, 
said HOE has one or two plane of symmetry of power, and said 
plane of symmetry of said HOE coincides with a plane of symmetry 
of a shape of a base on which said HOE is provided, and 

wherein said prism optical system comprises a prism with a 
positive refracting power and at least two HOEs between said 
image display element and an exit pupil, and, upon an image 
position F0 at a midpoint being defined on a segment that is an 
intersection displayed by said plane of symmetry of said 
eyepiece optical system and an image display surface, said image 
observation optical system satisfies the following condition: 
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| <0y(HOE, F0) /0y(Total) | < 0.25 

where $y(HOE, F0) is a y-direction power of said HOEs at the 
image position F0, and ^y(Total) is a y-direction power of an 
entire system. 

22. (Currently Amended) An image observation optical 
system comprising: 

an image display element; and 

an eyepiece optical system which introduces an image 
displayed by said image display element to a center of an eye of 
an observer without forming an intermediate image, so as to 
allow the observer to observe said image as a virtual image, 

wherein said eyepiece optical system is constructed and 
arranged to bend an optical axis using reflecting surfaces so as 
to be compact, said optical axis lying in a plane, 

wherein said eyepiece optical system is symmetrically 
formed with respect to said plane and includes an optical 
element having an entrance surface, a plurality of curved 
reflecting surfaces and an exit surface, at least one of said 
reflecting surfaces being provided with a volume hologram (HOE) , 
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wherein said eyepiece optical system comprises a prism with 
a positive refracting power, and, upon an image position F0 at a 
midpoint, an image position Fb at one end point showing a larger 
chromatic aberration of magnification, and an image position Fa 
at another end point showing a smaller chromatic aberration of 
magnification being defined on a segment that is an intersection 
formed by said plane of symmetry of said eyepiece optical system 
and an image display surface, said image observation optical 
system satisfies the following conditions simultaneously: 

-1 < <f>y ( HOE , Fa) /^y(Total) <2 

-1 < ^y(HOE, Fb) /^y(Total) <1 

where (HOE, Fa) is a y-direction power of said HOE at the 
image position Fa, ^y (HOE, Fb) is a y-direction power of said HOE 
at the image position Fb, and ^y(Total) is a y-direction power of 
an entire system, 

[wherein said eyepiece optical system is configured as a 
prism optical system having at least two reflecting surfaces, 
said HOE has one or two plane of symmetry of power, and said 
plane of symmetry of said HOE coincides with a plane of symmetry 
of a shape of a base on which said HOE is provided, ] 
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wherein said eyepiece optical system is configured as a 
prism optical system having at least two reflecting surfaces, 
said HOE has one or two plane of symmetry of power, and said 
plane of symmetry of said HOE coincides with a plane of symmetry 
of a shape of a base on which said HOE is provided, and 

wherein said eyepiece optical system comprises at least two 
HOEs between said image display element and an exit pupil, and 
said image observation optical system satisfies the following 
condition: 

| ^y (HOE, F0) /^y(Total) | < 0.25 

where (HOE, F0) is a y-direction power of said HOEs at the 
image position F0, and ^y(Total) is a y-direction power of an 
entire system. 

33. (Currently Amended) A head-mount type image display 
apparatus comprising : 

a main frame in which an image observation optical system 
is arranged, and; 

a support member which is constructed to be mounted on 
lateral sides of a head of an observer so as to hold said main 
frame in front of a face of the observer; 
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wherein said image observation optical system comprises: 
an image display element; and 

an eyepiece optical system which introduces an image formed 
by said image display element to a center of an eye of the 
observer without forming an intermediate image, so as to allow 
the observer to observe said image as a virtual image, 

wherein said eyepiece optical system is constructed and 
arranged to bend an optical axis using reflecting surfaces so as 
to be compact, said optical axis lying in a plane, 

wherein said eyepiece optical system is symmetrically 
formed with respect to said plane and includes an optical 
element having an entrance surface, a plurality of curved 
reflecting surfaces and an exit surface, at least one of said 
reflecting surfaces being provided with a volume hologram (HOE) , 

wherein said eyepiece optical system comprises a prism with 
a positive refracting power, and, upon an image position F0 at a 
midpoint, an image position Fb at one end point showing a larger 
chromatic aberration of magnification, and an image position Fa 
at another end point showing a smaller chromatic aberration of 
magnification being defined on a segment that is an intersection 



Application/Control Number: 10/674,489 Page 9 

Art Unit: 2872 

formed by said plane of symmetry of said eyepiece optical system 
and an image display surface, said image observation optical 
system satisfies the following conditions simultaneously: 

-1 < ^y (HOE, Fa) /^y(Total) <2 

-1 < <fty(HOE, Fb) /^y(Total) <1 

where ^y(HOE, Fa) is a y-direction power of said HOE at the 
image position Fa, ^y (HOE, Fb) is a y-direction power of said HOE 
at the image position Fb, and ^y(Total) is a y-direction power of 
an entire system, and 

wherein said support member is constructed to achieve 
removable mount to side frames of spectacles. 

37. (Currently Amended) A head-mount type image display 
apparatus according to claim 33[,] or [34,] 35 [or 36], wherein 
said image observation optical system and an optical system for 
spectacles are integrally arranged in said main frame. 

38. (Currently Amended) A head-mount type image display 
apparatus according to claim 33[,] or [34,] 35 [or 36], wherein 
said support member is constructed to achieve removable mount to 
side frames of spectacles. 
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39. (Currently Amended) A head-mount type image display 
apparatus according to claim 33[,] or [34,] 35 [or 36], wherein 
a pair of said image observation optical systems are arranged in 
parallel as left and right systems for providing binocular view. 

The Abstract now reads as follows: 

An observation optical system comprises an image display 
element and an eyepiece optical system which introduces an image 
formed by the image display element to a center of an eye of an 
observer without forming an intermediate image, so as to allow 
the observer to observe the image as a virtual image. The 
eyepiece optical system is constructed and arranged to bend the 
optical axis using reflecting surfaces so as to be compact. The 
image observation optical system can be made compact enough to 
be usable as an image display unit for a cellular phone or a 
portable intelligent terminal, and can achieve high image 
definition and wide field angle while controlling chromatic 
aberration of magnification to be small. 

Allowable Subject Matter 

Claims 19-32 are allowable over the prior art for at least 
the reason that the prior art fails to teach or reasonably 
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suggest the observation optical system satisfying the following 
condition: 

| <£y(HOE, F0) /^y(Total) | < 0.25 

where (HOE, F0) is a y-direction power of said HOEs at the 
image position F0, and </>y (Total) is a y-direction power of an 
entire system as set forth in the claimed combination. 

Claims 33, 35 and 37-39 are allowable over the prior art 
for at least the reason that the prior art fails to teach or 
reasonably suggest the observation optical system satisfies the 
following conditions simultaneously: 

-1 < <f>y ( HOE , Fa) /^y(Total) <2 

-1 < <f>y(HOE, Fb) /^y(Total) <1 

where 0y(HOE, Fa) is a y-direction power of said HOE at the 
image position Fa, ^y (HOE, Fb) is a y-direction power of said HOE 
at the image position Fb, and ^y(Total) is a y-direction power of 
an entire system as set forth in the claimed combination. 

The prior art made of record and not relied upon is 
considered pertinent to applicant's disclosure. 
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Mukawa (US 6,331,916 Bl) : Mukawa discloses an image 
observation optical system comprising, an image display element 
(20 of Fig. 11), an eyepiece optical system comprising a prism 
with a positive refracting power which introduces an image 
formed by the image display element to a center of an eye of an 
observer (at 130 of Fig, 11) without forming an intermediate 
image, so as to allow the observer to observe the image as a 
virtual image (see Fig. 11) , wherein the eyepiece optical system 
is constructed and arranged to bend an optical axis using 
reflecting surfaces (32 and 33 of Fig. 11) so as to be compact. 
The reference does not teach or render obvious the image 
observation optical system satisfying the conditions recited in 
each independent claim. 

Conclusion 

Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Fayez G. 
Assaf whose telephone number is (571) 272-2307. The examiner 
can normally be reached on 8-5 M-F. 

If attempts to reach the examiner by telephone are 
unsuccessful, the examiner's supervisor, Drew Dunn can be 
reached on (571) 272-2312. The fax phone number for the 
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organization where this application or proceeding is assigned is 
703-872-9306. 

Information regarding the status of an application may be 
obtained from the Patent Application Information Retrieval 
(PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through 
-Private PAIR only. For more information about the PAIR system, 
see http://pair-direct.uspto.gov. Should you have questions on 
access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free) . 



Fayez Assaf 
3/19/04 




DREW A. DUNN 
SUPERVISORY PATENT EXAMINER 



